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EXAMING ASSOCIATIONS BETWEEN PSYCHOPHYSICAL FUNCTIONING 
AND PAIN IN YOUNG WOMEN WITH ENDOMETRIOSIS AND CHRONIC 
PELVIC PAIN: A PILOT STUDY  
SEHAR RESAD 
ABSTRACT 
Objectives: This study aims to explore the relationships between preoperative 
psychosocial factors in relation to postoperative chronic pelvic pain (CPP) in adolescents 
and young women with endometriosis, which is a significant public health concern. As a 
pilot sample, there is large need to present preliminary data exploring the biopsychosocial 
correlates and possible predictors of central sensitization and CPP, which remains non-
existent in the realm of adolescents and young adults with CPP secondary to 
endometriosis.   
Methods: Eligible candidates included patients 12-22 years old who were diagnosed with 
CPP after laparoscopic confirmation of endometriosis. 25 successfully enrolled subjects 
had pre-surgical information obtained from baseline surveys and underwent a 
postoperative sensory protocol to assess mechanical allodynia, pressure pain sensitivity, 
central sensitization, and a self-report measure of pain sensitivity.  Correlation 
calculations were conducted between pre-surgical factors (pain intensity, pain 
catastrophizing (PCS), and quality-of-life (from SF-36)) and post-surgical factors (pain 
and sensitivity thresholds as measured by QST and the PSQ) in the subject population as 
a whole, and in two population subgroups: those exhibiting central sensitization and those 
who are not. One-way ANOVA calculations and one sample t-tests were conducted to 
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compare differences between cohorts and between abdominal and control sites for 
various study parameters.  
Results: 6 of 25 (24%) subjects experienced a wind-up phenomenon during the temporal 
summation for pain test, serving as a surrogate for central sensitization. The differences 
in study parameters that this group (+CS) exhibited in comparison to the –CS group, 
failed to reach significance in all study parameters. Both cohorts exhibited positive 
correlations between pre-operative disability due to bodily pain (SF-36) and sensitivity of 
the abdomen, as well as negative correlations between disability due to bodily pain and 
pressure pain thresholds of the abdomen. The +CS cohort also exhibited a negative 
correlation between disability due to bodily pain and pinprick pain scores, a positive 
correlation between role limitations due to physical health (SF-36) and sensitivity of the 
abdomen, and a positive correlation between pain catastrophizing and sensitivity of the 
abdomen. As a whole, the subject population had significantly higher levels of 
catastrophizing than published means. In all cohorts, pressure pain thresholds of the 
abdomen were significantly lower than the control values, and PSQ-minor scores were 
significantly higher than published means. 
Conclusions: Results suggest the importance of pre-operative pain and psychosocial 
functioning on pain outcomes, particularly when considering subjects presenting with 
central sensitization, in young women with CPP secondary to endometriosis. The results 
indicate the need for a larger sample as well as established control values to further 
explore the relationships between these variables.  
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INTRODUCTION 
 
 Endometriosis is a chronic, progressive gynecologic disease affecting 10-15% of 
women of reproductive age (Carey, Martin, Siedhoff, Bair, & As-Sanie, 2014), and is 
defined pathologically as the presence of viable endometrial tissue outside of the normal 
anatomic location (American College of Obstetricians and Gynecologists, 2005). 
Subsequently, the presence of this extrauterine tissue, and the consequent inflammation 
and fibrosis, can lead to persistent inflammatory pain, infertility, and significant 
disruption of quality of life (American College of Obstetricians and Gynecologists, 
2005). Though endometriosis has historically been thought of as a disease affecting adult 
women only after many years of menstruation, many studies have described 
endometriosis in adolescents. Presentation of the disease in adolescents has been found to 
range as early as prior to menarche, to one and five months after menarche (Goldstein, 
deCholnoky, Leventhal, & Emans, 1979;  Laufer, 2000; Yamamoto et al., 1997).  
Due to decades of research, focus on adolescent endometriosis has moved from 
non-recognition and case reports, to diagnosis after menarche, to recognition and 
diagnosis even before menarche (Batt & Mitwally, 2003). The incidence of endometriosis 
in adolescents and young women is unknown, even though many diagnosed adult women 
report that their symptoms began when they were significantly younger (Smorgick, 
Marsh, As-Sanie, Smith, & Quint, 2013). Despite increasing awareness; delayed 
diagnosis, high rates of misdiagnosis, and delayed treatment are issues faced in young 
women with endometriosis. It is crucial that an adequate diagnosis is made, as adolescent 
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endometriosis is a debilitating chronic disease that negatively impacts participation in 
daily activities, including but not limited to school and emotional well-being (Youngster, 
Laufer, & Divasta, 2013).  
Endometriosis is often the underlying cause of chronic pelvic pain (CPP), which 
is generally defined as noncyclic pain at or below the umbilicus of at least 3 to 6 months’ 
duration that interferes with daily activities (Powell, 2014). Studies have shown that 25-
38% of young women with chronic pelvic pain have endometriosis (Kontoravdis et al., 
1999; Vercellini et al., 1989) and up to nearly 75% of young women with pelvic pain 
who do not respond to nonsteroidal anti-inflammatory drugs (NSAIDs) or hormonal 
therapy for dysmenorrhea have endometriosis (Doyle, Missmer, & Laufer, 2009). Over 
time, CPP becomes unresponsive to standard medical and surgical therapies due to 
excessive pain sensitivity known as central sensitization (Giamberardino, Tana, & 
Costantini, 2014). Systematic evaluation of pain sensitivity of painful and non-painful 
body sites and how they interact with psychosocial functioning could be important for 
monitoring clinical progress of CPP and response to treatment. Not only has this 
association not been adequately investigated in adult humans, but also no studies exist 
looking at adolescents and young adults with CPP secondary to endometriosis, and thus is 
a focus of this thesis. 
 
Endometriosis Presentation, Diagnosis, and Treatment  
Dysmenorrhea is a common symptom of adolescents and affects up to 50% of 
young women, with 15% experiencing severe forms (Mavrelos & Saridogan, 2013).  
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Adolescents usually experience painful periods due to primary dysmenorrhea, which 
begins 6-12 months after menarche once ovulatory cycles are established and in which 
there is no pelvic pathology. Primary dysmenorrhea usually responds well to treatment 
with NSAIDs and/or oral contraceptive pills. However, many adolescents describe pain 
symptoms that start beyond one year after menarche and persist despite treatment with 
the mentioned medication (Laufer, Sanfilippo, & Rose, 2003; Sarıdoğan, 2015). It is 
these patients who appear to be experiencing secondary dysmenorrhea, for which 
endometriosis is often the underlying pathology.  
Diagnosis of endometriosis in young women has proven to be quite difficult. Data 
from the Endometriosis Association indicate that patients whose symptoms began before 
the age of 15 saw an average of 4.2 doctors compared with an average of 2.64 doctors for 
patients whose symptoms began between the ages of 30 and 34. Adolescents are more 
likely to present with combined acyclical and cyclic pain (62.5%) or acyclical pain alone 
(28.1%), unlike adult women with endometriosis who are more likely to experience 
cyclical pain only, which only 9.4% of adolescents with endometriosis experience 
(American College of Obstetricians and Gynecologists, 2005; Laufer et al., 2003; 
Sarıdoğan, 2015). Additionally, adolescents found to have endometriosis frequently 
display comorbid bowel and bladder symptoms as well (Laufer, Goitein, Bush, Cramer, 
& Emans, 1997).  
While research efforts are focusing on the development of noninvasive diagnostic 
modalities and treatments, laparoscopic surgery remains the standard method to confirm 
the diagnosis of endometriosis. After a long preoperative trial period consisting of 
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extensive evaluation and combination hormonal and NSAID treatment for dysmenorrhea, 
laparoscopy is recommended to both diagnose and remove any ectopic tissue (American 
College of Obstetricians and Gynecologists, 2005; Youngster et al., 2013). The multistep 
process that is required for differential diagnosis results in an average of 9.28 years from 
the onset of symptoms to the diagnosis of endometriosis (Ballweg, 2003). An algorithm 
for diagnosis and therapy is provided in Figure 1.  
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Figure 1. Protocol for evaluation and treatment of adolescent pelvic pain and 
endometriosis. Standard model proposed by Bandera CA, Brown LR, Laufer MR. 
Adolescents and endometriosis. Clin Consult Obstet Gynecol 1995;7:206, modified and 
adapted from American College of Obstetricians and Gynecologists (2005).   
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At the time of laparoscopy, the endometriosis is staged according to the American 
Society of Reproductive Medicine Classification in order to facilitate follow-up and 
comparison if future surgery is performed. Most adolescents present with Stage I or Stage 
II disease characterized by isolated lesions and no significant adhesions (Stage I) or 
superficial lesions less than 5 cm in aggregate without significant adhesions (Stage II). 
Endometriosis found in young women tends to present with high abundance of red and 
clear lesions as opposed to the “powder-burn” black lesions seen commonly in adults 
(Laufer et al., 2003). For post-operative counseling, it is important to keep in mind that 
the severity of symptoms has not been found to correlate with stage, perhaps since it has 
been suggested that clear and red lesions are the more painful lesions of endometriosis 
(see Table 1) (Laufer et al., 2003). Laparoscopic removal alone is not sufficient treatment 
for endometriosis and must be supplemented with medical therapy such as hormonal 
therapy, and/or GnRH antagonists. With surgery alone, symptoms have been shown to 
return in approximately 50% of adult women within 1 year (Gambone, Mittman, Munro, 
Scialli, & Winkel, 2002; Sutton, Ewen, Whitelaw, & Haines, 1994).  
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Table 1: Staging of endometriosis and lesions in relation to pain. Adapted from Marc 
R. Laufer et al. (2003) 
Assoiation with Pain  
Stage of Disease Stage I 
Stage II 
Stage III 
Stage IV 
40% 
24% 
24% 
12% 
Type of Lesion Clear 
Red 
White 
Black 
76% 
84% 
44% 
22% 
 
Though most patients respond well to these treatments and have decreased pain; a 
subset of patients present with ongoing pain despite surgical and medical therapies. 
Nearly 30% of women report no improvement in pain after laparoscopy. Even when 
patients do express improvement initially, many of them eventually have recurrence of 
symptoms.  Further, the degree of short-term pain improvement among the patients varies 
and pain symptoms recur despite the absence of pathological disease or new lesions 
(Abbott, Hawe, Hunter, Holmes, Finn, & Gary, 2004). Over time the CPP becomes 
unresponsive to standard medical and surgical interventions. In the Pain Treatment 
Service at Boston Children’s Hospital (BCH), the institution where the current data was 
collected, nearly 50 new patient evaluations are conducted per year on young women 
with CPP. 
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Chronic Pelvic Pain Secondary to Endometriosis  
The American College of Obstetricians and Gynecologists (ACOG) defines 
chronic pelvic pain as pain of six or more months’ duration that is situated in the 
abdomen, groin, or lower back and interferes with daily activities. The differential 
diagnosis of CPP in the adolescent has significant overlap with the causes in adults, but 
evaluation in the adolescent involves several additional challenges, including parent-
child-provider reluctance to do a gynecologic history or examination and issues with 
patient-provider confidentiality, as the parent or guardian is generally involved in the 
visit and medical decision making (Powell, 2014). CPP is known to have both 
gynecologic and non-gynecologic causes, but is extremely prevalent for gynecologic 
patients with nearly 25% of all patients being affected (Giamberardino et al., 2014). 
Among adolescents seen at pediatric pain management clinics, endometriosis is a 
frequent culprit, affecting 45% to 70% of adolescents with CPP (Laufer et al., 1997).  
 Despite its high prevalence and negative effects, little is known about the 
pathophysiology underlying the development and persistence of chronic pelvic pain 
despite surgical and medical intervention. Of note is the fact that the presence and 
severity of pelvic pathology does not correlate with symptom burden (Vercellini et al., 
1989). Standard medical and surgical therapies targeting endometriosis lesions are not 
consistently effective and pain frequently recurs even without visible disease at repeat 
laparoscopy (Figure 2) (As-Sanie, Harris, Harte, Tu, Neshewat, & Clauw, 2013; Hurd, 
1998). Many adolescent with pelvic pain from endometriosis maintain normal activity, 
but those seen at pain clinics tend to represent a subgroup of patients who, despite 
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aggressive medical and surgical therapy, continue to experience significant pain and 
disability such as: missed school, decreased leisurely activities, decreased 
accomplishment of tasks, and decreased general well-being, often leading to symptoms 
such as anxiety and depression (Greco, 2003; Simis et al., 2015).  
 
Figure 2. Possible description of the relationship between endometriosis and CPP.  
In women with chronic pelvic pain and endometriosis, the majority of patients do not 
experience CPP when the endometriosis is asymptomatic. However, some patients 
present with asymptomatic endometriosis that is still incidental to the CPP.  Adapted 
from Hurd (1998).   
 
 Many studies support that a significant cause for the development of CPP is 
central sensitization. While the heightened sensitivity of peripheral pain receptors 
following a local trauma or infection, such as that caused by endometriosis, usually 
resolves with time, in CPP this hypersensitivity is sustained and amplified by an 
extensive central neural network that includes various subsets of neural networks and 
results in neuropathic pain (Simis et al., 2015; Whitaker et al., 2016).  Most pelvic 
organs, as well as somatic pelvic tissues to which the pain is referred, share at least part 
of their central sensory projection. This may trigger the phenomena of cross-sensitization 
and central sensitization (Giamberardino et al., 2014).  
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Animal models support the theory that a process of central sensitization likely 
results in CPP in this population via a viscera-visceral referred hyperalgesia. This refers 
to a process in which increased input to the nervous system from one visceral domain can 
sensitize neurons that receive convergent input from another visceral domain. (Berkley, 
Cason, Jacobs, Bradshaw, & Wood, 2001). Because almost all spinal neurons that receive 
visceral input also receive somatosensory input from the muscle and skin through a 
process known as viscerosomatic convergence, precise localization and discrimination of 
sensory information is hindered (Aredo, Heyrana, Karp, Shah, & Stratton, 2017). In the 
rat, it is confirmed that input from the uterus to the spinal cord is mainly by way of 
hypogastric nerve at the thoracic level, and that from the cervix is by way of both the 
pelvic and hypogastric nerves; suggesting possible routes of convergence and referred 
pain (Berkley, Robbins, & Sato, 1993). Neurons within both sets of segments have 
demonstrated to respond convergently to stimulation of the uterus, colon, and vagina and 
significant interactions exist between these two separated sets of caudal spinal segments 
(Berkley et al., 1993; Wall, Hubscher, & Berkley, 1993). These studies support the theory 
that sensitized afferents directly innervate regions surrounding the endometrial growths 
resulting in a central sensitization within the caudal spinal cord that is then referred to 
other visceral domains, including the vaginal canal (Berkley et al., 2001).  
While these animal models are interesting and provide insight into the potential 
role of central sensitization in CPP associated with endometriosis, there has been 
virtually no research conducted among humans. One study found that peripheral 
pressure-pain thresholds were lower in women with endometriosis and CPP and in 
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women with CPP without endometriosis, when compared to both women with 
endometriosis and no CPP and pain-free women (As-Sanie et al., 2013). Another study 
proposed modulating central nervous system activity in chronic pain states by non-
invasive brain stimulation in the form or transcranial direct current stimulation (tDCS). 
This study, performed by Simis et al., (2015), found that patients with CPP had 
significant increases in pain thresholds after active tDCS suggesting further presence of 
neuromodulatory involvement in CPP (Simis et al., 2015). Despite these findings, no 
research of this type has been conducted with the specific aims at understanding these 
relationships in young women with endometriosis and CPP.  
 
Biopsychosocial Contributions of Pain and Central Sensitization  
Many factors have been implicated in the generation of persistent postoperative 
pain such as: preoperative pain intensity, pain sensitivity, age, biological sex, 
psychological status, and hormonal status (Jarrell & Arendt-Nielsen, 2013). Thus the 
development of central sensitization and concurrent CPP is believed to be multifactorial, 
with incidence in only a subset of all patients with endometriosis. The biopsychosocial 
model has largely been a focus in pain research, with many tertiary pain rehabilitation 
facilities basing their assessment and treatment methods on its emphasis on the 
integration of the physical, psychological, and social aspects of one's life (Celedon, 
Amari, Ward, Prestwich, & Slifer, 2014). Because studies have shown that up to 55% of 
women with CPP have no obvious underlying pathology (Whitaker et al., 2016), it is 
important to consider the breadth of biopsychosocial factors that could contribute to the 
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multifactorial etiology of CPP secondary to endometriosis (Figure 3).  As with other 
chronic pain conditions, there is evidence to suggest that a multidisciplinary approach to 
the assessment and treatment of chronic pelvic pain is effective in improving patients’ 
response to therapy and in their overall outcome (Greco, 2003).  
 
 
Figure 3: Biopsychosocial approach to pain. A conceptual model of the 
biopsychosocial interactive processes involved in health and illness. Adapted from 
Gatchel, Peng, Peters, Fuchs, & Turk, (2007) 
 
Biologically, pain sensitivity, or thresholds to deeming stimuli as painful, are 
likely in part due to genetic factors (Phillips & Clauw, 2011). This can be supported by 
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studies showing that children with chronic pain often have a family history of pain, 
including specific studies on headaches, migraines, and abdominal pain (Boey & Goh, 
2001; Evans et al., 2008). Further, a twin study done by Nielsen and colleagues (2008) 
found that pain sensitivity in response to cold and heat pain was correlated between 
fraternal and identical twins. High preoperative pain sensitivity (low pain thresholds) has 
been found to parallel an increased risk to chronic pain (Nielsen et al., 2008) and these 
pain thresholds can be further reduced in response to visceral disease such as 
endometriosis. The pain from the initial endometriosis can evoke changes in the spinal 
segments that innervate the affected visceral organs, leading to increased painful neuronal 
signals directed to the spinal cord and resulting in continuous increased pain and larger 
areas of referred pain (Jarrell & Arendt-Nielsen, 2013). Further, the resulting peripheral 
pain stimulus has been shown to be related to the release of various cytokines (glutamate, 
prostaglandins, bradykinin) that are known activators of nociceptors, causing increased 
pain sensation (Jarrell & Arendt-Nielsen, 2013; Moshiree, Zhou, Price, & Verne, 2006; 
Vergnolle, 2008).  It is extremely important to explore and assess these relationships in 
adolescents with endometriosis, as they present differently than adults.  
Psychophysiological factors are also believed to play a role in the development of 
central sensitization. Activation of the stress-response network has been shown to lower 
pain thresholds in both animals and humans, and high levels of anxiety are consistently 
related to higher pain sensitivity (McAllister, 2012). Many studies have shown a prior 
history of anxiety, physical and psychological trauma, and depression to be significantly 
predictive of the onset of chronic pain later in life (McLean, Clauw, Abelson, & 
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Liberzon, 2005; Talbot et al., 2009). This indirect evidence suggests that pre-existing 
dysregulation of the nervous system and the development of central sensitization may be 
the underlying substrate for the high susceptibility to chronic pain development, but this 
possibility needs to be explored more specifically in the context of chronic pelvic pain.  
When considering dysregulation of the nervous system due to high psychological 
distress, catastrophization is of particular interest as a strong driving force (Carey et al., 
2014; Martin et al., 2011). Catastrophization is a negative cognitive and emotional coping 
mechanism in response to pain in which the emotional distress associated with feeling 
that one’s own pain is the worst possible and unlikely to improve (Sullivan, Bishop, & 
Pivik, 1995). Catastrophizing has emerged as an important determining factor in pain-
related outcomes and is consistently associated with higher pain levels (Carey et al., 
2014; Martin et al., 2011).  Martin et al., (2011) studied the effects of catastrophizing as a 
predictor of persistent pain particularly in women with endometriosis and found 
catastrophizing to be a significant predictor of pain at 1 year post-laparoscopy. However, 
they also found other pre-existing biopsychosocial factors that assume a key role in pain-
related outcomes suggesting that endometriosis-related CPP may be more complex in 
some patients. 
The exact mechanism through which catastrophizing affects pain outcomes is not 
completely understood, but hypotheses have suggested it leads to biological effects 
supporting the development of central sensitization. It has been hypothesized that 
endogenous pain-inhibitory pathways are disrupted by the emotional and cognitive 
changes that characterize catastrophizing (Sullivan et al., 2001). This would lead to 
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higher levels of pain sensation in response to painful stimuli. Further, catastrophizing has 
been shown to be associated with increased neural activity in pain-processing regions of 
the brain (Martin et al., 2011). Both findings support the notion of central sensitization 
and other involvements particular to pain perception. Particular to endometriosis as an 
inflammatory process, positive associations between catastrophizing and inflammatory 
cytokines have been found in other similar disease processes such as arthritis and 
rheumatic disease, and could be relevant to the study of pain in endometriosis (Edwards 
et al., 2008; Yin et al., 2005). Exposure to painful stimuli leads to an upregulation of 
inflammatory cytokines, and higher levels of catastrophizing were related to greater pain-
related increases in levels of inflammatory cytokines suggesting that catastrophization 
leads to increased responsiveness to painful stimuli and might represent an important 
mechanism in shaping long-term pain outcomes (Edwards et al., 2008). In particular, 
Interleukin-6 (an inflammatory cytokine) is directly known to induce muscle and joint 
heightened sensitivity to pain.  
The onset of pain, for example due to the onset of endometriosis, is often 
followed by the development of numerous psychosocial disorders such as depression, 
fear-avoidance, anxiety, and other stressors (Smorgick et al., 2013). Young women with 
chronic pelvic pain can experience associated depression, anxiety, and fear that may 
perpetuate and intensify their overall pain experience (Greco, 2003; Smorgick et al., 
2013). It is known that psychosocial variables contribute significantly to postoperative 
outcome measures (Carey et al., 2014), but long-term predictors of pain outcomes 
following laparoscopy for endometriosis have not been adequately described in adults nor 
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even explored in the adolescent patient population. The stress of these responses to the 
initial pain can further exacerbate the reactivity of the nervous system, leading to a 
heightened predisposition to the development of central sensitization. (Diatchenko, 
Nackley, Slade, Fillingim, & Maixner, 2006).  
Previous studies in adult women diagnosed with endometriosis found that 
preoperative pain intensity was correlated with pain intensity following laparoscopic 
removal of the endometrial tissue (Coccia, Rizzello, Palagiano, & Scarselli, 2011), 
depression, and somatic awareness (Walker, Hopman, Harrison, Tripp, & 
VanDenKerkhof, 2012). Minimal research has been done on the contribution of 
biopsychosocial factors on young women with endometriosis and CPP, but a study done 
by Smorgick et al., (2013) found depression and anxiety to be highly prevalent in 
adolescents diagnosed with endometriosis, paralleling previous findings in adult women. 
It is clinically important to asses for the presence of mood conditions because if 
untreated, they can have negative effects on patients’ ability to cope with their pain and 
carry out their daily function, and further contribute to their pain experience (Poleshuck 
et al., 2010).  
The clinical implications of these psychological associations have relevance to the 
pre- and postoperative counseling of patients with CPP. Elucidating the biopsychosocial 
factors that contribute to CPP in postsurgical young women with endometriosis and CPP 
could allow for preoperative identification of patients with high-risk features and for 
early intervention to address surgical expectation with regards to the treatment of pain.  
This thesis aims to further explore the relationships between these biopsychosocial 
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factors and psychophysical functioning variables with pain outcomes, particularly in 
young women with chronic pelvic pain secondary to endometriosis, in the hopes to 
elucidate any predisposing factors for at-risk adolescents. 
 
Assessing Pain Intensity and Sensitivity   
 Assessing the amount of pain a patient experiences is difficult due to the 
subjective nature of pain. Without a baseline level of pain sensitivity, is it difficult to 
assign a comparable value to pain using a numerical rating scale of “0”, no pain, to “10”, 
worst pain imaginable. Persons with high sensitivity would rate the same painful stimulus 
at a higher numerical rating than someone with a low sensitivity. The German Research 
Network on Neuropathic Pain developed Quantitative Sensory Testing (QST) in order to 
understand the mechanisms underlying the sensations patients with neuropathic pain feel. 
In their efforts, they were able to obtain a full somatosensory phenotype for a patient, 
including primary afferents, cutaneous and deep pain, and peripheral and central 
sensitization (Rolke et al., 2006).  
The QST protocol consists of seven different tests that are used to measure 
thirteen parameters grouped into the following: (1) thermal detection thresholds for the 
perception of cold, warm, and paradoxical heat sensations,  (2) thermal pain thresholds 
for cold and hot stimuli, (3) mechanical detection thresholds for touch and vibration, (4) 
mechanical pain sensitivity including thresholds for pinprick and blunt pressure, (5) 
stimulus/response-functions for pinprick sensitivity, (6) dynamic mechanical allodynia, 
and (7) pain summation to repetitive pinprick stimuli (wind-up like pain) (Rolke et al., 
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2006). Detection thresholds ask the participant to state when they feel anything in 
general, such as a change in temperature when assessing thermal detection. Mechanical 
detection thresholds are assessed using von Frey’s hairs (nylon filaments of increasing 
thickness), and are reached when the subject can perceive the tactile stimulus on their 
skin. Pain thresholds assess at which point the stimulus becomes painful or no longer 
bearable, for example due to extreme hot or cold, sharp pricking from a von Frey’s hairs, 
or intense pressure using a pressure gauge device. This protocol was found to be a novel 
method encompassing all somatosensory modalities assessing the functioning of different 
nerve fibers and of central pathways (Blankenburg et al., 2010).  
 QST has been used in research settings and is considered an appropriate tool for 
diagnosing, assessing, and monitoring sensory neuropathies and determining pain 
sensitivity in adults with pain disorders (Backonja et al., 2013; Blankenburg et al., 2010). 
Rolke et al. (2006) determined the reference values of the face, hand, and foot in gender- 
and age-matched healthy adults. However, QST has not been utilized to the same extent 
in adolescents despite the advantage of being non-invasive. Few novel studies have 
examined cutaneous thermal and mechanical sensations in healthy children (Blankenburg 
et al., 2010; Hilz et al., 1998; Meier, Berde, DiCanzio, Zurakowski, & Sethna, 2001). 
Further, peripheral neuropathic pain has been examined by QST in children with 
diabetes, idiopathic arthritis, sickle cell, familial dysautonomia, and complex regional 
pain syndrome (Blankenburg et al., 2010; Cornelissen et al., 2014; Jacob et al., 2015; 
Sethna, Meier, Zurakowski, & Berde, 2007).  
 19 
 Despite these studies establishing some QST reference values for children, major 
limitations include restricted sample sizes and the failure to separate results for age and 
gender. Huge gaps in the data exist due to the lack of reference values for a variety of 
sites on the body, with nearly all studies focusing on the face, hand, and/or foot. Chronic 
neuropathic pelvic pain secondary to endometriosis has not been explored via the use of 
QST and no reference values for QST pelvic pain thresholds exist. As an effort to fill the 
gaps in the database, this thesis explores the assessment of CPP via QST.  
 The Pain Sensitivity Questionnaire is another assessment tool for pain sensitivity 
(Ruscheweyh, Marziniak, Stumpenhorst, Reinholz, & Knecht, 2009). The PSQ is a 
validated self-rating instrument for the assessment of pain sensitivity that is based on pain 
intensity ratings of imagined daily life situations (Ruscheweyh et al. 2009). Further, 
Ruscheweyh et al. went on to test the validity of the PSQ in patients specifically with 
chronic pain. Pain sensitivity was tested both via administration of QST and PSQ on 
chronic pain patients and healthy controls. Results showed a positive correlation between 
PSQ scores and experimental threshold pain scores from the QST (Ruscheweyh et al., 
2012). Although PSQ measures and experimental pain testing are not identical measures, 
the PSQ offers another method of developing a measure of baseline pain sensitivity and 
pain perception in an easy 5-10 minute questionnaire that is non-invasive (Ruscheweyh et 
al., 2012). The combined use of both QST and the PSQ in understanding pain sensitivity 
when examining young women with CPP is a focus of this thesis.  
 20 
Specific Aims and Objectives 
 This study aims to explore the relationships between psychophysical factors and 
postoperative chronic pelvic pain in young women with endometriosis. As a pilot study, 
there is large need to present preliminary data exploring the biopsychosocial correlates 
and possible predictors of central sensitization and CPP. These relationships have not 
been adequately investigated in adult humans and remain nonexistent in the realm of 
adolescents and young women with CPP secondary to endometriosis. Because this is a 
preliminary pilot study, the present investigation should be considered a hypothesis-
generating study. However, based on previous literature in studies done on other body 
sites and in adult subjects, the following hypotheses may be suggested.  
 
The specific aims of this study are:  
AIM 1: To determine the subjects who have developed central sensitization, as 
detected by a wind-up phenomenon during the temporal summation of pain test, 
and explore any potential differences in psychophysical factors compared to the 
subjects who have not developed central sensitization.  
Hypothesis 1: The group that is determined to have developed central 
sensitization will have higher mean pre-operative pain ratings, post-surgical pain, 
and sensitivity, and lower emotional and physical functioning.  
 
AIM 2: To examine pre-surgical factors including pain ratings, emotional 
functioning, and physical functioning in relation to post-surgical pain and 
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sensitivity thresholds as measured by the PSQ (Ruscheweyh et al., 2009) and 
QST.   
Hypothesis 2: Poor pre-surgical quality-of-life, emotional health and physical 
functioning as measured by the SF-36 (Ware, Kosinski, Dewey, & Gandek, 
2000),  and higher pre-surgical pain will correlate with higher post-surgical pain 
sensitivity and pain ratings in both cohorts, but more so in the group with 
suspected central sensitization.  
 
AIM 3: Examine the effects of pre-surgical pain catastrophizing in relation to 
central sensitization and CPP secondary to endometriosis in a sub-sample of 
patients who have completed the PCS measure.  
Hypothesis 3: High levels of catastrophizing will be correlated with higher post-
surgical pain sensitivity and pain ratings in both cohorts, but more so in the group 
with suspected central sensitization.
 22 
METHODS  
 
 This study is a collaboration between the Biobehavioral Pediatric Pain Lab in the 
Pain Treatment Service at Boston Children’s Hospital (BCH) and the Boston Center for 
Endometriosis (BCE). The Institutional Review Board approved this human study to 
administer and use data for clinical purposes within the program. The BCE began The 
Women’s Health Study: From Adolescence to Adulthood in 2012 to explore health topics 
that affect women over their lifespan. The team has created a biorepository and a rich 
database including measurements of reproductive health, pain, and physical and 
emotional health. All patients above the age of 7 currently being treated for or who have 
undergone treatment for endometriosis at BCH or Brigham and Women’s Hospital 
(BWH) are eligible to be approached about participating in the WHS, including patients 
with suspected endometriosis who are yet to undergo a diagnostic laparoscopy. 
Potentially eligible families were identified and approached at one of their clinical visits 
in the Department of Adolescent Medicine at BCH or BWH to obtain consent and assent 
to participate in the WHS. 
This particular study focused on a subset of patients from the Women’s’ Health 
Study and obtained pre-surgical information from the WHS, added a postoperative 
sensory protocol to assess mechanical allodynia and pressure pain sensitivity, and 
collected a self-report measure of pain sensitivity.  
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Participants 
Participants for this study were recruited from patients and parents, who are 
patients at BCH and currently enrolled in the BCE’s WHS: From Adolescence to 
Adulthood. Inclusion criteria for this particular study included that patients were aged 12-
22 years old and diagnosed with chronic pelvic pain after laparoscopic confirmation of 
endometriosis, presenting to the endometriosis clinic in the department of Adolescent 
Medicine. Potentially eligible families were identified and approached at one of their 
clinical visits at BCH by a research assistant working on the WHS to gauge interest. If 
interested, a research assistant from the Biobehavioral Pediatric Pain lab would then 
approach the patients and parents to obtain consent and assent to participate in this study. 
Another method of recruitment included sending research flyers to enrolled participants 
in the WHS who were eligible for this study as well. Patients who reached out to 
participate were scheduled for the study on a day that coincided with a follow-up 
appointment or any day that was most convenient for them.  
 
Measures:  
Baseline Survey 
 All participants completed baseline surveys as part of the WHS. These baseline 
surveys were intended to be pre-surgical, and were completed an average of 32.45 days 
(S.D. = 19.24) before laparoscopy for 20 of the 25 patients in the current study. The 
remaining 5 patients completed the survey an average of 63 days (S.D.= 51.09) after 
laparoscopy, but were instructed to answer questions based on how they were feeling 
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before the laparoscopy.  Participants coming into BCH or BWH completed the self-
administered questionnaire during the visit on a tablet or computer. Participants 
preferring to complete it at home completed the questionnaire online via a secure system 
or via a paper version and mailed it back to the study team. Questionnaires are then 
completed once per year indefinitely for the WHS, but only the initial baseline survey was 
used in the current study. Because the WHS has been ongoing for over 20 years, the 
questionnaire exists in different versions, and careful attention was taken to ensure 
consistent data points were taken among the different versions. The survey includes 
extensive questioning on demographics, menstruation and reproductive history, pain in 
various states, medical and family history, and lifestyle. Particular measures taken from 
the baseline survey for the present study include:  
 36-Item Short Form Health Survey (SF-36): The SF-36 is a set of 
generic, coherent, and easily administered quality-of-life measures that 
can be scored to convey information about 8 health concepts: physical 
functioning (e.g. “How does your health limit you in moderate activities 
such as moving a table, pushing a vacuum cleaner, bowling, or playing 
golf?”), bodily pain (e.g. “During the past 4 weeks, how much did pain 
interfere with your normal work?”), role limitations due to physical health 
problems (e.g. “During the past 4 weeks, have you accomplished less than 
you would like as a result of your physical health?”), role limitations due 
to personal or emotional problems (e.g. “During the past 4 weeks have you 
accomplished less than you would like as a result of emotional problems 
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such as feeling depressed or anxious?”), emotional well-being (e.g. “How 
much of the time during the past 4 weeks did you feel full of pep?”), social 
functioning (e.g. “During the past 4 weeks, how much of the time has your 
physical health or emotional problems interfered with your social 
activities like visiting with friends, relatives, etc.?”), energy/fatigue (e.g 
“How much of the time during the past 4 weeks did you feel tired?), and 
general health perceptions (e.g. “How true or false is each of the following 
statements for you: I am as healthy as anyone I know. I expect my health 
to get worse, etc.”). It also includes a single item that provides an 
indication of perceived change in health. The SF-26 produces eight scaled 
scores, which are transformed into a 0-100 scale. Lower scores indicate 
increasing disability, while higher scores indicate less disability in a 
section (0 = maximum disability, 100 = no disability) (Ware et al., 2000). 
It has been validated, is used widely across medical disciplines, and can be 
self-administered by the patient with reliability (Patel, Donegan, & Albert, 
2007).  
 Pain Catastrophizing Scale (PCS): The Pain Catastrophizing Scale 
measures emotions individuals experience in response to their own pain 
and was used to assess the cognitions around pain. Analysis of this data 
can provide insight as to why some individuals, despite experiencing high 
pain and/or sensitivity, have better functioning than others. (Sullivan, 
Bishop, & Pivik, 1995). The PCS is measured on a five-point scale with 
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zero being “not at all” and four being “extremely.” The scores are 
summed, with greater scores indicating heightened catastrophic thinking 
in any three categories of rumination, magnification, and helplessness and 
an overall PCS-total score.  
Pain Intensity 
Participants were asked to rate their level of pain on a numerical eleven-point 
scale from 0 (no pain) to 10 (most pain possible). Due to differences in phrasing of this 
question, as pre-surgical documents have changed over time, different methods of 
obtaining an average “Pre-Surgical Pain Intensity” measure were necessary. Patients 
were either asked to report their pain score for the “Past 3 Months (average)” on the day 
of surgery or were asked their “Average Pain Score” during a pre-operative appointment 
which generally ranges from two weeks to two days before the procedure.  Either 
available variable served as a measure of pre-surgical pain intensity for the purpose of 
this thesis.  
 
Quantitative Sensory Testing (QST) 
 Patients underwent a brief sensory protocol devised by Navil Sethna, MD, who is 
an expert in QST in children and adolescents, in the department of Anesthesia and Pain 
Medicine at BCH (Cornelissen et al., 2014; Jacob et al., 2015; Meier et al., 2001; Sethna 
et al., 2007). With this protocol, pain sensitivity was measured by pain thresholds of the 
abdominal skin as assessed by the presence or absence of allodynia, a pain response to a 
 27 
generally non-painful stimulus, and deeper abdominal muscular pain as assessed by a 
pressure pain threshold. The protocol was as follows:  
 Participant was asked to delineate the pain over the abdomen and rate the pain 
on a numerical pain scale to the test stimuli  
 Pain Threshold Tests. Each of the following tests was administered to the 
suspected painful area of the abdomen, which was broken down into four 
quadrants (lower left, lower right, upper left, upper right) (Figure 4). For the 
purpose of this thesis, the regions were analyzed as upper abdomen and lower 
abdomen.  
o Sensitivity was assessed by the use of Von Frey’s hairs. The filaments 
were applied starting with the smallest weight (in grams) and diameter 
of von Frey’s hairs, and gradually increased until the subject could 
successfully detect the filament touching their skin. The weight of the 
filament that was successfully detected served as a light touch 
detection threshold.  
o Muscular pain threshold was evaluated with the use of an electronic 
Algometer. The pressure pain threshold was performed using a method 
of limits that consisted of the gradual increase of pressure until the 
participant perceived the pressure as painful. The test was repeated 3 
times and the pressure pain threshold was calculated as a mean of the 
three trials.  
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o The temporal summation test was performed to detect a wind-up 
phenomenon as a surrogate of central sensitization. Von Frey’s hairs 
were applied to the painful area and the pressure is gradually increased 
using a method of limits until the participant perceives pain. This pain 
threshold stimulus is applied 10 times at 0.3Hz. Temporal summation 
is calculated as the ratio of the 10th stimulus to the 1st stimulus. Wind-
up was determined if the ratio of the 10th:1st stimulus was increased.  
 These tests were also all applied to deltoid site as an internal control. 
Published QST data by Blankenburg et al., (2010) and Meier et al., (2001) 
involving healthy children and adolescents as control groups was also used to 
control for  global change in pain sensitivity.  
 
Figure 4. Four anatomical quadrants of the abdomen. Figure taken from (Netter, 
2014).   
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Pain Sensitivity Questionnaire (PSQ)  
 The PSQ is a 17-item brief rating measure for pain perception based on imagined 
daily life situations, rated on a scale from 0, no pain, to 10, worst pain imaginable 
(Ruscheweyh et al., 2009). Each question requires the participants to put themselves in 
the situation of the question prior to answering. The scoring of the PSQ is divided into 
two scores which can be summed for a total score. PSQ-minor scores a subset of the 
questions that are constituted by items that are on average deemed as causing minor pain 
(scores <4 on the 11 point scale), while PSQ-major corresponds to the items on average 
rated as moderately painful (score 4-6) (Ruscheweyh et al., 2009). This is an easy way to 
measure pain sensitivity, as it does not require any equipment or administration from a 
staff member and is needed to subjectively measure pain sensitivity to be correlated with 
the more objective QST measure. Each participant filled out a paper copy of the PSQ 
prior to administration of QST.  
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RESULTS 
 
 
Overall, there were 25 female participants ranging from 14-22 years old (mean 
age = 17.56, SD = 2.14), who began menarche between the ages of 10 and 15 (mean 
age=11.28, SD=1.21). All participants had surgically diagnosed endometriosis of stage I 
(88%) or II (12%) and subsequent CPP.  Because a single staff physician, Dr. Laufer, 
cared for all patients, a uniform surgical-medical treatment approach was applied to all 
individuals. This is a pilot sample, and data collection is ongoing. Of the 24 available 
pain demographic data points (one baseline questionnaire was given in a short form and 
did not assess pain), descriptions of pain experiences of the patients are summarized in 
Table 2.  
 
Table 2: Participant data on pain experiences.  
  n % 
How much pain do you 
usually have with your 
periods/vaginal bleeding? 
No Pain  0 0 
Mild Cramps 0 0 
Moderate Cramps  7 29.2 
Severe Cramps  17 70.8 
When did you start having 
pain with periods?  
With very first period 12 50.0 
Within 2 years of first period 11 45.8 
More than 2 years after first 
period 
1 4.2 
Have you seen a doctor for 
this pain? 
 
# of doctors seen for pain 
Yes 23 95.8 
No 1 4.2 
 
 
 
Mean: 3.22 (SD: 1.278) 
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Aim 1: To determine the subset of subjects who have developed central sensitization, as 
detected by a wind-up phenomenon during the temporal summation test, and explore any 
potential differences in psychophysical factors compared to the subjects who have not 
developed central sensitization. 
 The temporal summation test was performed to detect a wind-up phenomenon, 
which served as a surrogate of central sensitization. Temporal summation was calculated 
as the ratio of pain scores of the 10th stimulus to the 1st stimulus. An increased ratio, 
compared to the ratio at the deltoid control site of the subject, indicates the presence of a 
wind-up phenomenon in the abdomen, and thus central sensitization. 6 of the 25 patients 
(24%) experienced wind up phenomenon, with 5 of the 6 (83.33%) experiencing it in 
both the upper and lower abdominal regions, and 1 of the 6 experiencing it in only the 
lower region.   
One-way analyses of variance (ANOVA) were performed to assess any potential 
differences in the mean values of psychophysical parameters tested between the two 
cohorts; subjects with suspected central sensitization (+CS) and subjects without central 
sensitization (-CS). Though apparent differences were present, all differences failed to 
reach significance at the 95% confidence interval. All parameter means are presented in 
Table 3.  
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Table 3: Psychophysical parameter means in population subsets 
 No Central Sensitization Central Sensitization 
PreOp Pain Intensity 4.90 ± 2.79 5.67 ± 1.51 
   
Quality of Life Measures   
SF36_Physical Functioning 76.84 ± 28.20 65.00 ± 30.82 
SF36_Role Limitations due 
to Physical Health 
57.90 ± 47.91 35.00 ± 41.83 
SF36_Role Limitations due 
to Emotional Problems 
63.16 ± 42.88 93.33 ±14.91 
SF36_Energy & Fatigue 47.63 ± 21.63 35.00 ± 25.74 
SF36_Emotional Well-
Being 
64.42 ± 20.82 67.20 ± 31.16 
SF36_Social Functioning 61.18 ± 36.54 60.00 ± 36.87 
SF36_Bodily Pain 48.16 ± 29.13 56.00 ± 28.21 
SF36_General Health 
Perceptions 
55.00 ± 24.94 50.00 ± 29.37 
     
QST Measures  Upper Lower Upper Lower 
Light Touch Threshold 1.36 ± 3.66 1.34 ± 3.72 0.29 ± 0.40 0.13 ± 0.16 
Pinprick Threshold 24.76 ± 68.23 21.37 ± 68.23 38.48 ± 64.85 18.72 ± 39.91 
Pinprick Pain Score 1.45 ± 1.33 1.39 ± 1.50 0.83 ± 0.75 0.83 ± 0.75 
Pressure Pain Threshold 12.15 ± 4.87 13.28 ± 6.41 12.83 ± 6.66 13.08 ± 8.25 
 
Pain Sensitivity Questionnaire Measures  
PSQ-total 3.97 ± 1.54 4.29 ± 1.18 
PSQ moderate 4.56 ± 1.75 4.94 ± 1.08 
PSQ minor 3.29 ± 1.69 3.29 ± 1.18 
   
Pain Catastrophizing Scale Measures   
PCS-total  43.93 ± 21.18 28.00 ± 16.39 
PCS-rumination 10.73 ± 5.22 6.00 ± 4.90 
PCS-magnification 4.47 ± 3.09 2.75 ± 1.71 
PCS-helplessness 28.73 ± 13.87 19.25 ± 10.40 
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Aim 2: Examine pre-surgical factors including pain ratings, emotional functioning, and 
physical functioning in relation to post-surgical pain and sensitivity thresholds as 
measured by the PSQ and QST.   
Bivariate Pearson correlations were used to assess relationships between pre-
surgical psychosocial factors and post-surgical measures of pain intensity and sensitivity 
in the subject population as a whole, as well as each cohort (+CS and –CS). Pre-surgical 
factors included eight measures of health status from the SF-36 (physical functioning, 
bodily pain, role limitations due to physical health problems, role limitations due to 
personal or emotional problems, emotional well-being, social functioning, energy/fatigue, 
and general health perceptions) and pre-surgical pain intensity. These measures were 
considered in relation to post-surgical pain sensitivity (measured by PSQ and QST: von 
Frey’s touch detection) and pain intensity (measured by QST: von Frey’s sharp prick 
threshold, sharp prick pain rating, and pressure pain threshold). In both cohorts, 
numerous correlations were noted among different measures of health status from the SF-
36. QST variables also were correlated amongst one another in both cohorts. Pre-
operative pain intensity was not correlated with any other variable in either cohort.  
Among pre-operative and post-operative factors in the population as a whole, the 
SF-36 score for bodily pain was positively correlated with light touch detection 
thresholds of the upper and lower abdomen (Table 4). This remained true in the –CS 
cohort. In addition, the bodily pain SF-36 score was also positively correlated with 
pressure pain thresholds for both the upper and lower abdomen in the –CS cohort (Table 
5). In the +CS group, SF-36 bodily pain score was positively correlated with light touch 
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detection of the lower region of the abdomen, and with pinprick pain scores of both the 
upper and lower regions of the abdomen. Further, role limitations due to physical health 
SF-36 score was positively correlated with light touch detection of the lower abdomen 
(Table 6). 
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Table 4. Correlations between pre-operative health factors and post-operative QST 
and PSQ in entire sample. Regions in white indicate correlations between pre-surgical 
and post-surgical variables.  
 
 
*p<0.05 
**p<0.01  
 36 
Table 5. Correlations between pre-operative health factors and post-operative QST 
and PSQ in –CS subset. Regions in white indicate correlations between pre-surgical and 
post-surgical variables. 
 
 
*p<0.05 
**p<0.01  
 37 
Table 6. Correlations between pre-operative health factors and post-operative QST 
and PSQ in + CS subset. Regions in white indicate correlations between pre-surgical 
and post-surgical variables 
 
 
*p<0.05 
**p<0.001 
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One sample t-tests were conducted to compare mean values for QST testing 
between the internal control deltoid site and the painful areas of the abdomen. For the 
study population as a whole, the pressure pain threshold of the control (M= 25.211, 
SD=10.67) was significantly higher than the thresholds of the upper abdominal region 
(M=12.313, SD=5.21; t(24)= -12.386, p=0.00) and lower abdominal region (M=13.232, 
SD=6.71; t(24)= -8.926, p=0.00). Pressure pain thresholds of the upper and lower 
abdomen in the –CS and +CS cohorts were also significantly lower than the control 
deltoid site (-CS: upper; t(18)= -11.695, p=0.00. lower; t(18)= -8.111, p=0.00) (+CS: 
upper; t(5)= -4.552, p=0.006. lower; t(5)= -3.602, p=0.016)(Table 7).  
When comparing PSQ data from the subject population to published means by 
Ruscheweyh et al. (2009), PSQ-minor scores for the entire population were significantly 
higher than published means; t(24) = 2.533, p=0.018. This difference failed to reach 
significance when analyzing each cohort separately, despite similar values in PSQ-minor 
scores (Table 7).  
Table 7. QST and PSQ means  
 
*p<0.05 
**p<0.01 
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Aim 3: Examine the effects of pre-surgical pain catastrophizing in relation to central 
sensitization and CPP secondary to endometriosis in a sub-sample of patients who have 
completed the PCS measure. 
 Of the 25 patients enrolled, 19 had PCS measures completed as part of their 
baseline surveys. Table 6 exhibits the bivariate Pearson correlations for PCS scores and 
post-surgical measures of sensitivity and pain for the entire subject population (N=19). 
No significant correlations were found between any PCS scores and post-surgical 
measures. PCS sub-scores were shown to significantly correlate with one another (Table 
8).  These finding remained constant when analyzing the –CS cohort (N=15) (Table 9).  
 Analysis of the +CS cohort (N=4) revealed significant negative correlations 
between PCS-total score and pressure pain thresholds of both the upper and lower 
abdomen. PCS-rumination was also negatively correlated with the pressure pain 
threshold of the lower abdominal region in this group (Table 10).  
 
  
4
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Table 8. Correlations between PCS and post-operative QST and PSQ in entire sample. Regions in white indicate 
correlations between PCS (pre-surgical) and post-surgical variables.  
Variable 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
1. PCS_Total .934** .834** .993** .019 -.012 -.110 .130 -.124 .141 -.261 -.078 -.058 -160 -155 
2. PCS_Rumination  .679** .901** .180 .152 -.050 .107 -.079 .103 -.284 -.146 -.181 -.220 -.249 
3. PCS_Magnification    .820** -.186 -.211 -.248 .095 -.243 .067 -.108 .109 .174 -.058 .022 
4. PCS_Helplessness    -.002 -.033 -.097 .138 -.109 .162 -.267 -.085 -.054 -.147 -.146 
5. Light Touch Detection  
    Upper Ab (VF)     .997** .167 
-
.044 .045 -.022 .225 .085 .200 .198 .190 
6. Light Touch Detection  
    Lower Ab (VF)      .178 
-
.037 .056 -.021 .227 .083 .205 .211 .199 
7. Pinprick Threshold  
    Upper Ab (VF)        
-
.045 .962** -.295 .333 .428* -.092 -.019 -.071 
8. Pinprick Pain Score  
    Upper        
 
.925** 
-
.536** -.430* .239 .183 .215 
9. Pinprick Threshold  
    Lower Ab (VF)        
 
-.217 .233 .386 -.157 -.124 -.157 
10. Pinprick Pain Score  
      Lower        
 
 
-
.558** 
-
.518** .274 .204 .256 
11. Sensation of Pressure  
      Pain Upper Ab        
 
  .906** -.117 -.059 -.094 
12. Sensation of Pressure  
      Pain Lower        
 
   -.268 -.293 -.299 
13. PSQ_Minor             .867** .957** 
14. PSQ_Moderate              .967** 
15. PSQ_Total                
*p<0.05 
**p<0.01  
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Table 9. Correlations between PCS and post-operative QST and PSQ in -CS subset. Regions in white indicate 
correlations between PCS (pre-surgical) and post-surgical variables.  
Variable 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
1. PCS_Total .929** .831** .993** -.045 -.076 .166 .014 .197 .034 -.167 .039 .100 .001 .011 
2. PCS_Rumination  .651** .897** .129 .102 .316 -.061 .344 -.054 -.187 -.031 -.017 -.052 -.084 
3. PCS_Magnification    .801** -.248 -.273 -.088 .015 -.066 -.012 -.014 .217 .316 .090 .182 
4. PCS_Helplessness    -.062 -.094 .155 .040 .186 .075 -.182 .023 .089 .000 .008 
5. Light Touch Detection  
    Upper Ab (VF) 
    .998* .214 -.095 .050 -.063 .320 .127 .201 .300 .295 
6. Light Touch Detection  
    Lower Ab (VF) 
     .216 -.082 .054 -.057 .299 .104 .207 .312 .302 
7. Pinprick Threshold  
    Upper Ab (VF)  
      .044 .983** -.262 .260 .458* .155 .312 -.181 
8. Pinprick Pain Score  
    Upper 
       .063 .917** -.562* -.454 .381 .350 .323 
9. Pinprick Threshold  
    Lower Ab (VF) 
        -.258 .206 .452 .029 .164 -.253 
10. Pinprick Pain Score  
      Lower 
         
-
.596** 
-.568* .332 .232 .320 
11. Sensation of Pressure  
      Pain Upper Ab 
          .877** -.176 -.148 -.182 
12. Sensation of Pressure  
      Pain Lower 
           -.301 -.362 -.375 
13. PSQ_Minor             .838** .950** 
14. PSQ_Moderate              .954** 
15. PSQ_Total                
*p<0.05 
 **p<0.01 
  
4
2
 
Table 10. Correlations between PCS and post-operative QST and PSQ in +CS subset. Regions in white indicate 
correlations between PCS (pre-surgical) and post-surgical variables.  
Variable 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
1. PCS_Total .930 .893 .991** .693 .073 -.345 .680 -.3.41 .680 -.959* -.981* -.873 -.584 -.782 
2. PCS_Rumination  .717 .876 .862 .435 -.258 .853 -.256 .853 -.922 -.982* -.915 -.639 -.718 
3. PCS_Magnification    .905 .571 -.257 -.663 .561 .660 .561 -.920 -.832 -.824 -.848 -.910 
4. PCS_Helplessness    .592 -.047 -.313 .577 -.309 .577 -.925 -.947 -.809 -.638 -.745 
5. Light Touch Detection  
    Upper Ab (VF) 
    .688 -.366 .793 -.300 .793 -.684 -.640 -.061 -.400 -.051 
6. Light Touch Detection  
    Lower Ab (VF) 
     .207 .495 .279 .495 -.225 -.317 .180 .178 .323 
7. Pinprick Threshold  
    Upper Ab (VF)  
      -.510 .959** -.510 .546 .364 .416 .679 .565 
8. Pinprick Pain Score  
    Upper 
       -.542 1.000** -.600 -.518 -.641 -.701 -.598 
9. Pinprick Threshold  
    Lower Ab (VF) 
        -.542 .378 .171 .566 .836 .716 
10. Pinprick Pain Score  
      Lower 
         -.600 -.518 -641 -.701 -.598 
11. Sensation of Pressure  
      Pain Upper Ab 
          .974** .182 .242 .195 
12. Sensation of Pressure  
      Pain Lower 
           .081 .046 .052 
13. PSQ_Minor             .912* .972** 
14. PSQ_Moderate              .975** 
15. PSQ_Total                
*p<0.05 
**p<0.01 
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The PCS User Manual only defines a mean score in a healthy population for the 
PCS-total score (M=20.9, SD=12.5) (Sullivan, 2009). One sample t-test analysis revealed 
that the overall study population had a significantly higher mean PCS-total score 
(M=40.57, SD=20.93; t(18) = 4.097, p=.001). Independently, the –CS group also had a 
significantly higher mean PCS-total score (M=49.93, SD=21.18; t(14)=4.211; p=.001). 
The +CS group did not present with a significant difference. The PCS User Manual 
(Sullivan, 2009) also defines “cut-off scores” for clinically relevant levels of 
catastrophizing.  Table 10 illustrates the frequency of study participants who scored 
above the threshold of clinically relevant levels of catastrophizing (Sullivan, 2009).  
 
Table 11. Frequency of participants with clinically relevant catastrophizing  
 
Clinical Significance 
Value 
% of Subjects with Clinically 
Significant Scores (N=19) 
PCS-total 
≥ 30 
68.4 
PCS-Rumination 
≥ 11 
42.1 
PCS-Magnification 
≥ 5 
36.8 
PCS-Helplessness 
≥ 8 
94.7 
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DISCUSSION 
 
 Despite common misconceptions, endometriosis is a prevalent disease known to 
affect adolescent and young women in addition to adult women. Due to atypical 
presentation of the disease in adolescents; delayed diagnosis, high rates of misdiagnosis, 
and delayed treatment are common public health concerns in this patient population 
(Youngster et al., 2013). Though many patients respond well to surgical intervention 
followed by hormonal therapy, a subset of patients develop chronic pelvic pain that 
becomes unresponsive to standard medical and surgical therapies, believed to be due to 
central sensitization (Doyle et al., 2009; Giamberardino et al., 2014). These patients 
continue to experience significant pain and disability, such as missed school and 
activities, decreased feelings of accomplishment, and decreased general well-being, often 
leading to symptoms of depression and anxiety.   
 This study aimed to contribute preliminary data towards elucidating the 
psychophysical factors that contribute to CPP and central sensitization in a sample of 
post-surgical young women with endometriosis and CPP. Systematic evaluation of pain 
sensitivity of painful abdominal and non-painful control sites and how they interact with 
psychosocial functioning could be important for monitoring clinical progress of CPP and 
response to treatment.  Not only has this association not been adequately investigated in 
adult humans, but also no studies exist looking at adolescents and young adults with CPP 
secondary to endometriosis 
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Participants in this study sought out an average of 3.22 doctors for pain, despite 
all of them describing their pain as moderate (29.2%) or severe (70.8%). Nearly all 
subjects (98.3%) began experiencing pain within the first two years of menarche. 
According to previous literature, patients experiencing pain symptoms that start one year 
or later after menarche and persist despite treatment with NSAIDs and/or oral 
contraceptive pills are at an increased risk for having underlying endometriosis (Laufer et 
al., 2003; Sarıdoğan, 2015). The ability to more efficiently and effectively identify 
adolescents who are at heightened risk for endometriosis, and thus heightened risk for 
developing secondary CPP, could allow for sooner intervention and the ability to 
personalize treatment to help avoid the debilitating development of chronic pain.  
The objective of this study specifically was to explore how pre-surgical physical 
and psychosocial health factors are related to pain sensitivity and intensity in young 
women with chronic pelvic pain secondary to endometriosis. Further, as a pilot study, 
preliminary data from quantitative sensory testing of the abdomen was presented as the 
first of its kind. Any significant differences between a mean internal control site 
compared to subjects’ abdominal values were also considered. This subject population 
also presented with two subsets: those who tested positive for a wind-up phenomenon, 
implying central sensitization, and those who did not. All similarities and differences 
between the two subsets were also considered.  
Although this was the first study of its kind, results from similar studies exploring 
psychophysical factors in children and adults of differing pain states were used to 
hypothesize that poor pre-surgical quality-of-life factors, as measured by the SF-36 
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(Ware, Kosinski, Dewey, & Gandek, 2000), high pre-surgical pain, and high levels of 
catastrophizing, as measured by the PCS (Sullivan et al., 1995), would correlate with 
higher pain sensitivity and pain ratings post-surgery as measured by QST and the PSQ 
(Ruscheweyh et al., 2012).  
During the temporal summation of pain test, 6 of 25 (24%) subjects presented 
with wind-up phenomenon, which serves as a surrogate for central sensitization. Wind-up 
refers to the progressive increase in the magnitude of C-fiber evoked responses of dorsal 
horn neurons due to repetitive activation. The resulting response is a progressive increase 
in the magnitude of the sensory response (Li, Simone, & Larson, 1999). Though wind-up 
and central sensitization are not identical, based on similarities in transmitters and 
underlying pathways, wind-up during temporal summation has been proposed to be an 
initiator and index of central sensitization (Li et al., 1999). Subjects were deemed to have 
wind-up if the ratio of the pain scores for the 10th prick (after temporal summation) to the 
1st prick was increased in comparison to the deltoid control site.  
When comparing psychophysical factors between the +CS and –CS groups, 
differences seemed apparent, but no differences reached significance at the 95% 
confidence interval, likely due to the small sample sizes (N=6 and N=19). Though not 
reaching significance, the +CS group had notably lower light touch detection thresholds 
of both the upper and lower abdomen compared to the –CS group. This indicates that the 
perceived magnitude of the sensory response to the stimulus was greater for the +CS 
group than the –CS group, as to be expected to due to the sustained central neural 
network hypersensitivity caused by central sensitization (Simis et al., 2015).  
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Due to the low number of participants enrolled, this study did not yield many 
significant correlations between pre-surgical and post-surgical factors. Most measures 
presented internal correlations, such as between the eight subsets of the SF-36 with one 
another and the sub scores of the PSQ, indicative of internal consistency. Similarly, 
individual QST test points had many correlations with one another. Between pre-surgical 
health factors and post-surgical variables, a few significant correlations emerged.  
In the patient population as a whole, the only significant correlation was between 
the SF-36 bodily pain score and the light touch detection thresholds of the upper and 
lower abdomen. In the patient population that did not present with apparent central 
sensitization, bodily pain SF-36 score was positively correlated with light touch detection 
thresholds and pressure pain thresholds for both the upper and lower abdomen. Higher 
scores on the SF-36 indicate a more positive health status and lower levels of disability. 
When defining the correlations, this means that the lower levels of bodily pain and 
decreased limitations due to bodily pain were correlated with increased muscular pain 
thresholds and decreased touch sensitivity of the abdomen. Correspondingly, increased 
levels of bodily pain and increased disability due to bodily pain was correlated with 
decreased muscular pain thresholds and increased touch sensitivity of the abdomen. If the 
bodily pain subset of the SF-36 is considered as a measure of pre-operative pain, this is in 
agreement with the literature that high preoperative pain sensitivity has been found to 
parallel increased risk for the development of chronic pain because these pain thresholds 
can be further reduced (Nielsen et al., 2008).  
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In the group expressing central sensitization, the bodily pain SF-36 score, similar 
to the –CS cohort, was positivly correlated with the light touch detection threshold of 
lower abdomen, suggesting that increased disability due to bodily pain was linked to 
increased sensitivity.  The SF-36  score for role limitations due to physical health 
problems was also correlated with light touch detection thresholds of the lower abdomen, 
indicating that decreased levels of disability due to role limitations by physical health are 
associated with decreased sensitivity of the lower abdomen. Increases in role limitations 
due to physical health can lead to significant disability, including missed school, 
associated depression, anxiety, and further perpetuation and intensify the overall pain 
experience (Greco, 2003; Smorgick et al., 2013). According to the literature, high levels 
of bodily pain would be expected to evoke changes in the spinal segments that innervate 
the pelvic region, causing a heightened sensitivity of peripheral pain receptors at the level 
of the skin (Jarrell & Arendt-Nielsen, 2013; Simis et al., 2015; Whitaker et al., 2016). 
The physiological stress of these psychosocial responses can further exacerbate the 
reactivity of the nervous system, leading to a heightened predisposition to the 
development of central sensitization (Diatchenko, Nackley, Slade, Fillingim, & Maixner, 
2006).  
Interestingly, increased SF-36 bodily pain scores (decreased leveles and 
limitations) were correlated with increasing pinprick pain scores in the +CS cohort. This 
is contradictory to other correlations seen in this cohort. It would be expected that since 
the light touch detection threshold decreased with increasing bodily pain disability, the 
increased sensitivity of the skin would result in higher levels of pinprick pain. Further, 
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the preoperative numerical pain intensity rating was not significantly correlated with any 
other variable in either cohort.  It would be expected that heightened pre-surgical pain 
would create conditions that are more susceptible to the development of CPP via central 
sensitization and result in heightened levels of neuropathic pain (Simis et al., 2015). 
Although the correlation did not reach significance, this relationship is seen in the +CS 
group with increasing pre-operative pain ratings trending with decreasing light touch 
detection thresholds (increasing sensitivity) of the upper and lower abdomen (r=-.759, r=-
.806 respectively), compared to the –CS group having much weaker correlations (r=-
.127, r=-.143).  The overall lack of significant correlations goes against current data 
demonstrating a significant positive correlation between preoperative and post-operative 
pain intensity (Ip, Abrishami, Peng, Wong, & Chung, 2009), particularly in a population 
with visceral disease such as endometriosis, which can lead to increased continuous pain 
and larger areas of referred pain (Nielsen et al., 2008; Jarrel & Arendt-Nielsen, 2013). 
However, most previous studies have used psychophysical pain assessment for the 
determination of pre-operative pain, instead of a numerical pain scale rating, suggesting 
better options for pre-operative pain assessment (Ip et al., 2009; Nielsen et al., 2008). 
This, coupled with small sample sizes, might attribute to the lack of conclusive data 
supporting the previous literature on this relationship. Theoretically, preoperative pain 
caused by the initial endometriosis would have resulted in the increased release of 
various cytokines, that are known activators nociceptors, causing increased pain 
sensitivity and an upregulation of inflammatory cytokines, lending to a vicious cycle 
(Jarrell & Arendt-Nielsen, 2013; Moshiree, Zhou, Price, & Verne, 2006; Vergnolle, 
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2008; Edwards et atl., 2008). Analysis of cytokine levels would help gain a better 
understanding of the process by which pre-operative pain is related to central 
sensitization and CPP in this population, and is a future direction of the work done in this 
thesis.  
Analysis of QST data between the deltoid control site and painful abdominal 
regions also showed some significant differences in both cohorts. Because no QST data 
exists for the abdominal region in children or adults, the controls were taken to be the 
average of the deltoid measurements among the overall subject population for each test. 
Pressure pain sensitivity was significantly greater in the abdomen than at the deltoid 
control site in the +CS cohort, -CS cohort, and overall population, indicating a lower 
muscular pain threshold in the painful region of the abdomen. This is particularly 
interesting because a study done by As-Sanie et al. (2013) showed that peripheral 
pressure pain thresholds were also lower in women with CPP when compared to both 
women with endometriosis and no CPP and pain-free women. This proposes that the 
control deltoid site pressure threshold might be even lower in this population than a 
healthy control population, suggesting an even greater difference between the abdomen 
and periphery.   Development of healthy control QST data at abdominal sites would 
allow for better analysis and stronger interpretations of these findings.  
PSQ data also revealed significantly higher PSQ-minor scores among all 
population divisions when compared to published means. The PSQ-minor scores a subset 
of questions that are constituted by items that are on average deemed as causing minor 
pain (scores <4 on the 11 point scale). This indicates that on average, subjects in this 
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study considered hypothetically mildly painful stimuli to be more painful than the general 
population. The PSQ-minor score has high correlations with pain intensity ratings of 
experimental stimuli in healthy subjects and patients with chronic pain (Ruscheweyh et 
al., 2012). However, previous literature indicates that females score significantly higher 
than males on the PSQ-minor, but not on the PSQ-total or PSQ-moderate (Ruscheweyh et 
al., 2012), suggesting the need for more a specific control value for this study since all 
participants were young women.   
Pain catastrophizing also revealed interesting findings, particularly in the +CS 
group. When analyzed as an entire subject population, no significant correlations were 
noted between the PCS and any post-operative QST measures or PSQ. The PCS sub-
scores all correlated with one another, which was to be expected based on prior research 
on the reliability and internal consistency of the measure (Sullivan et al., 1995).  This 
remained true in the –CS group as well. When the +CS group was analyzed as a separate 
entity, the PCS-total scores were negatively correlated with pressure pain thresholds of 
the upper and lower abdomen and PCS-rumination (“I can’t stop thinking about how 
much it hurts” (Sullivan, 2009)) scores were negatively correlated with pressure pain 
thresholds of the lower abdomen. Even though these correlations should be interpreted 
with caution due to an extremely small sample size (N=4), the effects of catastrophizing 
are of particular interest when considering central sensitization. Furthermore, the overall 
subject population had a significantly greater PCS-total score than the published mean for 
a healthy population (Sullivan et al., 1995). Also, a staggering percentage of participants 
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had clinically significant levels of catastrophizing with 68.4% having a PCS-total score 
and 94.7% having a PCS-helplessness score above the ‘cut-off.’  
Catastrophizing has emerged as an important determining factor in pain-related 
outcomes and is consistently associated with higher pain levels due to its support in the 
development of central sensitization (Carey et al., 2014; Martin et al., 2011). Particularly, 
a high level of catastrophizing is hypothesized to disrupt endogenous pain-inhibitory 
pathways (Sullivan et al., 2001), increase neural activity in pain-processing regions of the 
brain (Martin et al., 2011), and is correlated with increased levels of inflammatory 
cytokines (Edwards et al., 2008; Yin et al., 2005). This suggests that future studies with 
larger sample sizes are warranted to further understand these relationships. Particular to 
endometriosis as an inflammatory process, the further study of high levels of 
catastrophization in relation to increased responsiveness to painful stimuli due to 
increased levels of cytokines is important for elucidating long-term pain outcomes.  
 
Future Directions 
 As the first of it’s kind, there are many future directions for this study. One 
particular direction would be to establish QST norms from a healthy control population 
for various body sites, including the abdomen. Although control reference values do exist 
from healthy children, they were only gathered for the hand, face, and foot. Furthermore, 
significant differences between the aforementioned body sites indicated the need for 
separate sets of QST data when comparing different body sites (Blankenburg et al., 
2010). Furthermore, a study done in adult women with endometriosis showed that not 
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only did pressure pain thresholds decrease in the painful abdomen site, but also at an 
internal control site on the finger (As-Sanie et al., 2013). This indicates that in order to 
appropriately examine QST values from adolescents with CPP, we first need to 
effectively develop control values from healthy individuals. Another future direction 
imperative to the assessment of this patient population would be the validation of the use 
of the PSQ within a child population. Although the PSQ proves to be valid for discerning 
pain sensitivity in adults (Ruscheweyh et al., 2012), differences in pain sensitivity have 
been shown to occur between genders and across age groups (Crombez et al., 2003).  
 Other future directions point toward the biology of pain. Particularly with central 
sensitization believed to play a significant role in the development of CPP 
(Giamberardino et al., 2014; Simis et al., 2015; Whitaker et al., 2016), exploring the 
biological substrates of sensitization is imperative. Measurements of cytokines levels in 
blood samples from patients should be carried out to assess their possible impact on 
nociceptors and their ability to cause increased pain (Jarrell & Arendt-Nielsen, 2013; 
Moshiree et al., 2006; Vergnolle, 2008). This is of particular interest for analyzing 
endometriosis as a visceral and inflammatory process. Visceral pain, catastrophizing, and 
inflammation have all been linked to the upregulation of cytokines that are known to 
activate nociceptive receptors and potentiate pain (Edwards et al., 2008; Ip et al., 2009; 
Jarrell & Arendt-Nielsen, 2013). As part of the Women’s Health Study, a blood sample is 
taken from each subject and will eventually be analyzed for cytokines as this current 
study expands.  
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Limitations  
 As a pilot study with ongoing data collection, this present study used a small 
sample and thus was underpowered. Although recruitment strategies have been 
successful, our ability to recruit a large number of patients in a small window of time was 
diminished because recruitment started in late September and was dependent on patient 
visits to the clinic, which occurred only two days a week. As the Women’s Health Study 
is a long-standing study, various versions of the questionnaire exist. Differences in which 
questions were asked and how they were phrased limited the number of consistent 
variables that were available for use in analyses. Furthermore, because this is an ongoing 
study, not all patients have extensive follow-up data as of yet to consider a more 
longitudinal approach. In summary, a larger sample size is needed to further explore how 
all the variables studied in our project are related.  
 Other limitations include the lack of validated measures for pediatric PSQ data 
and controls for abdominal QST in abdominal regions in pediatric population. This could 
contribute to the lack of correlations among these variables despite such findings in adult 
populations with different forms of chronic pain. Furthermore, QST was performed by 
four research assistants, suggesting a possible bias from each person, which could have 
resulted in inconsistencies and possible errors in the administration of the test. This has 
been a concern when assessing the reliability of QST in previous studies (Moloney, Hall, 
& Doody, 2012). With the current QST protocol, patients generally responded with 
minimal, if not 0, pain scores in response to sharp prick thresholds. This was limiting 
when considering increases or differences in pain intensity. Addition of another pain 
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rating with QST, such as the addition of a numeric pain scale rating following the 
pressure pain threshold or a test for heat and cold pain, could possibly lead to larger 
variance among pain ratings. Another way to assess levels of chronic pelvic pain is to add 
a post-operative numerical pain scale question to compare to the same question asked 
pre-surgery. This has been added to the protocol at the time of this thesis’ submission.  
Despite these limitations, the preliminary data presented in this thesis suggest the 
importance of pre-surgical pain and psychosocial functioning on post-surgical outcomes, 
particularly when considering subjects presenting with central sensitization. The QST 
abdominal assessment was the first of it’s kind. Although few correlations and 
differences were found, the significance of the findings provide insight into possible 
future directions to consider in the assessment of chronic pelvic pain secondary to 
endometriosis in an adolescent population.  
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